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UTEI VARIOUS SPACING RATIOS AND CQRRELATION 

By C. Dewey  Havill  and  Rodney C. WFngrove 

A flight  investigation was d e  to determine  the  thrust and pumping 
cbxacteristics of a family of afrcraft  exhaust  ejectors.  InformatLon 
was obtained on the  variation of these  characteristics  with dbssges in 

results  were congared to small-scale tests.  The  tests  were  conducted 
at a nominal pressure  altitude of 25,000 feet. 

.L engine  pawer, flight Mach number, and ejector  spacing  ratio, and these 

- 
Generally  there  was good correlation  between  these  tests and mdel 

tests, and the  cases w h e r e  large  differences  occurred  suggest  the  need 
for further research. Also, an optimum  ejector length was  obtained Sram 
these  tests  which would not have  been  predicted f r o m  available  informa- 
tion, and which  produced as increase in aircraft  propulsive  force of as 
mch as 8-1/2 percent. 

In addition to ejector  characteristics, results were  obtained 
showing  how a swlnging  survey  probe can be used as a device f o r  cali- 
brating a tail-pipe  pressure probe f o r  the measurement of thrust and 
air flow. 

When an aircraft engine is  equipped w i t h  an afterburner using R 
two-position  exhaust  nozzle,  and  has  an e&aust eJector  to p ~ l p  tail- 
pipe cooling air,  then both diameter eSa spacing  ratios  differ  for  the 
two  nozzle  positions. As shown by the data of reference 1 and similar 
investigations, different diameter and  spacing  ratios can result in 
widely  different  thrust and pumping characteristics.  Therefore, ag 

. 
- 
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ejector designed to provide adequate tau-pipe cooling and thrust char- 
acteristics  during  the  critical afterburn5n.g condition may have  severe 
performance  losses in the  cruise  conditlan  with  the  afterburner  not 
operating. Such a aituation  is  illustrated by the data of reference 2. 

An ideal  ejector  desi-  should prwfde the  proper  amount of tail- 
pipe cool ing air for  the  afterburner-an  condition, while retaining  the 
maximum possible  net  thrust for both  afterburner-on and afterburner-off 
operation,  Investigations such 88 that  reported in reference 1 were 
made in order to provide  the  informatian  necessary  to  design aa ejector 
in accordance  with  these  requirements.  However,  the  differences in 
scale,  jet  temperature,  jet  rotation, and Jet  velocity profiles might 
cause the  results of the  reference 1 model  tests  to  differ frcun those 
of full-scale  aircraft  ejectors. In order  to  evaluate  the e t u d e  of 
these  differences  the  fnvestigation reported in reference 2 was under- 
taken. In the gresent investigation, a wider range of ejector  geometry 
was covered and a more refined  tenperatwe  probe  (discussed in ref. 3) 
which  provided  more  reliable  temperature and weight flow profiles w a s  
used. Amethod is described  whereby this probe may be used to calibrate 
a fixed srzlgle point probe for  obtainfng  net-thrust measurements. 

NOTATION 

*P 

A area, sq ft 

CE. 
clw air-flow  coefficient 

D diameter, ft 

thrust  coefficient . 
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P 

P 

Pa 

pb 

R 

diameter  ratio 

gross thrust, lb 

gross-thrust ratio 

spacing  ratio 

flight Mach nmber 

local t o t a l  pressurej Ib/ft2 

l o c a l  static pressure, lb/ft2 

atmospheric  pressure, lb/ft2 

annular base pressure, 1b/f't2 

prFmary pressure ratio 

secondary  pressure  ratio 

gas constant, 17l-5 ft2/sec2 % 

r distance from jet  center m e ,  f't 

T 10- total temperature, si 

v fught vebcity, ft/sec 

vJ 
W air-flow rate, slugs/sec 

jet  velocity,  Ft/sec 

* 
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wP 

pJ 

P 

PFS 

S 

i 

corrected  air-flow  ratio 

Subscripts 
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primary  system 

primary and secondary system combined 

secondary  system 

value computed Fram me-dimensional flow equations 

A Lockheed F-94C airplane  equipped  with a J48-P8 engine with 
afterburner was used f o r  this investigation, A photograph of the  test 
airpke is shown in figure 1, a two-view drawhg in figure 2, and a 
list of dimensions in table I. A schematic cross-sectional drawing of 
the  ejectors  is shown in figure 3. The ejector  spacing ratio was changed 
during the Investigation by the  addition of cylindrical extensions of 
various  lengths to the shroud. These  changes  produced the spacing ratios 
listed in the following table: 

I Diameter Spactng ratio 
condition Basic I "if ied I 

Afterburner off  
.72 .60 .54 -49 

~ .40 1.12 Afterburner on 
0.65 0.50 0.43 0.38 0.27 1.32 

Secondary  air flow was.suppUed through I 2  su'hmerged inlets munted 
around -the fusehge at 2 Longftudinal locations as shown in figure 4. 
Each forward inlet Bad an inlet  ,area of 0.045 square foot ,  and each  rear 
inlet 0,026 sqmre foot. Also shown in figure 4 is a 1/8-Fnch gap 
between the fuselage  and  the  tail  cone. m 
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During this investigation  the following qusstities were obtained: 
airspeed and altitude; t--pipe (pr-) pressure,  thrust, ~ % n d  a f r  
flow; ejector  pressure,  thrust, and a i r  flow; and annula;r base pressure, 
The data were recorded on standazd NACA ine tmen t s  supplemented by a 
recording  oscillogra;ph. 

Airspeed and altitude were obtained from a pitot-static probe 
mounted on a l2-1/2-foot nose boom. This Fnstdlation was calibrated 
against a pacer airplane. Tail-pipe  pressure, used t o  detepmFne thrust 
and a i r  flow, was obtained from an air-cooled t o t a l  pressure probe 
mounted a t  the  tail-pipe exit as shown in figure 5. Standard  nozzle 
equations given Fn the appendix were  used t o  comgute thrust and air flow 
fram tail-pipe  pressure and temgerature. Mozzle tbrust coefficient 
(fig. 6) w a s  obtained from cal lbrat ions of  the system, w i t h  the  ejector 
removed, on a thrust  stand. The tail-pipe  tarperature was assumed equal 
t o  the average tF.srperature in the j e t  core region of the  ejector  teqer- 
ature  profiles  (i.e.,  the average  temperature for r < 0.8 foot in 
fig.  7). A'pplication of equations  -presented in the appendix t o  ground 
calibration  data ssd. use of engine m8.nufacturer1s data for simllar oper- 
ating  conditions  Indicated that nozzle  air-flow  coefficient could be 
assumed equl  to  nozzle thrust coefficient. 

Ejector thrust 8nd air flow were obtained by the method discussed 
in reference 4 using the s w i n g i n g  sonic-flow oriffce survey probe a s -  
cussed in reference 3. Operational jet pressures during this  investiga- 
t ion were of a magnitude  which permitted  neglecting  the  static-pressure 
error  presented i n  reference 4 with  negligible  inaccuracy in the  results. 
A photograph of the probe wunted on the  aircraft i s  shown in figure 5. 
Srpical  pressure esd temperature profiles obtained during &ZL ejector &t 
survey are  presented in figure 7. Figure 8 presents thrust and air-flow 
profiles computed f r o m  the data shown in figure 7. Thtegration of the 
profiles i n  figure 8 over the  ejector area yie lds ejector gross thrust 
and a i r  flow. Ejector area measured w i t h  the engine shut down was used 
f o r  the  integratim limit. Since the swinging survey probe covers on ly  
one cross  section of a jet,  there  exists some aoubt as t o  whether this 
cross  section is reresentative of the  entire  jet.  callbrations were 
made on a thrust stmd t o  check the  valLdity of the  Sresent swinging 
probe installation  as a thrust measuring device, and EL nozzle thrust 
coefficient was computed. This coefficient is presented in  figure 6 and 
inaicates that a 2-percent correction must be applied t o  the thrust 
measurement. The data contained  hereta have had this correction applied 
t o  a l l  thrust asd a i r - f l o w  data. 

It i s  difficult  t o  determine the  error Fnherent in these data with 
any great degree of confidence, since  the assuned &ensions of ground 
calibrations to f-t conditions might possibly  lead to a greater 
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magnitude of error thm aU other  sources of ermr combined.  However, 
if the  effect of temperature  error  is  neglected, and the  extrapolation 
of ground calibrations  to  flight  conditions is assumed valid,  the  error 
in primary and ejector  thrust and air flow would be estimted at 1 t o  
2 percent.  The  effect of error in temperature  measurement  would  be  to 
Fncrease  the  error in air flows. However,  since  the  Jet  texqerature 
measured by the swinging probe is used to compute  both  primary and edec- 
tor  air flows, the  effect of an error in temperature on the  ratio 
(WWs/Wp)  should be negligible.  The  secondary  air-flow  ratio  is obtained 
from the  following  equation: 

For  the  present  data, an error of 1 percent in (Wpcs/Wp) would  produce 
an error of abut 0.01 in (wS/wp) b addition to the effect of errors 
In d-. The value of Ts was determined by inspection of the  ejec- 
tor  temperature  profiles,  and was taken as the  tempershn"t  immediately 
inside  the  ejector shroud. An error of IOo F in Ts or an error of 
30° F Fn Tp would result in an error of less  than l percent in the 
value  of (W,/W,) 4-i. Since Ts and Tg are  measured  with the same 
device,  and  since  the  measuring  error is thought  to  be less than the 
above  values,  the  error in (Ws/Wp) r ! ,  due to temperature  error, is 
thought to be negligible. 

For some  regions in figure 7, static  pressure  is  greater than total 
presswe, w h i c h  implies f l o w  into  the  ejector.  Elowever, ground tests 
and visual  inspectLon of the  ejector  Indicated  that such reverse flow 
did  not occur. Therefore  the  static-pressure measurenent was assumed 
to be.in error  because of the effects of jet and airplane  pressure 
fields, asd  the  fact  that  the  static-pressure measurement wae not made 
in the  plane of the  ejector  exit.  Where this condition  occurred,  the 
true  static  pressure was chosen equal to  the  measured  total  pressure. 
Since positive  values of (%s-Ppts) w e r e  generally amall, the ermr due 
to this  choice  should not be large. 

The secondary  pressure W&G obtained Wlth t h e e  t o t a l  pressure  probes 
mounted E O o  apart, an inch f r o m  the shroud wall near  the  plane of the 
tail-pipe  nozzle. The probes  we?  manffolded a d  the  pressure measured 
with a 0 to 1 pound per  square i nch  differential preasure cell  referred 
to  the nose-boa static-pressure  system. Annular base  pressure was 
obtained in the same manner. 

Tests  were made at an altitude of 25,000 feet  over a Mach number 
range  from 0.50 to 0.92. The airplane was operated  over  the Mach number 
range,  first  with  just  sufficient  power for level  flight,  then  with max- 
imum nonafterburning  power,  and  finally with the  afterburner  on^ thus - 
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three  variations of primary  flow  conditions with Mach  number  were 
obtained.  Primary  tP-mperatures  for  the  three  variations  were 1550° R 
to 1800° R, l-800' R, and 3000° R, respectively. Primary total  pressure 
ratio  is  plotted  against Mach number  for  the  three  operating  conditions 
in figure 9. 

I .  

7 

Test  Results 

Ejector  thrust  ratios,  corrected.  air-flow  ratios, and the  ratio of 
secondary  total  pressure to base pressure m e  presented in figures 10, 
U, and 12 for all of the ejector  configurations  tested.  Gross-thrust 
ratio,  air-flow r a t io ,  and net-thrust  ratio are cross-plotted  against 
spacing ratio in figures 13, 14, and 15. In the  computation of ejector 
net  thrust,  the  ejector  was  charged  with  the  total loss in secondary 
air-flow  pressure f r o m  free-stream  conditians  to  ejector  exit.  Fig- 
ure 15 shows  that an appreciable  performance  gain can be  realized by 
optimization  of  the  ejector.  For  example, sealing the  fuselage  gap and 
increasing  the  ejector shroud length 2.4 inches (I& = 0.27 to 

= 0 . 3 ,  afterburner  off)  increased  the  aircraft  net  thrust as much 
as 8-1/2 percent with the  afterburner off and 6 percen%  with  the after- 

for  tail-pipe  cooling  was  maintained.  The following example  indicates 
the  importance  of this improvement on aircraft fuel  economy. During 
a l l  flights  reported  herein, a measurement was obtained of  the fuel used 
to  take  off,  cl-fmb, aSa accelerate to the  test  altitutde and speed. An 
attempt was made t o  follow  the same flight  procedure in all cases, but 
minor  variations Fn technique and atamspheric  conditionscaused  the  results 
of  these  measurements  to be only qualitative. The fnformation so 
obtained  indicated that optFmizFng the  egector  caused a reduction in 
fuel consumption of the  order of 25 to 30 percent for these  maneuvers. 

- 
* burner on, while more  than  the o r i g f n a l  quantity of secondary air flow 

Comparison  With Model Tests 

Model  data  from  reference 1 are presented in figures 10, ll, and 12. 
Thrust ratios  were  determined in the m e r  indicated by an errata on 
reference 1. In order  to  obtain  data  at a diameter  ratio  of 1.32 from 
reference 1, a U e a r  interpolation was made  between  the  diameter  ratios 
1.21 and 1.4.0. 

I 

Thrust  and  air-flow  ratios  for  ejectors  axe  dependent on the  pressure 
into which  the  ejector  exhausts,  with this quantity  forming t h e  denomina- 
tor of  secondary  pressure  ratio.  Since  fuselage  shape, Mach number, and 
the  jet all affect the  pressure into which  the  ejector exhausts, it is 

* 
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difficult  to determine where  to  measure  that  pressure in a flight  investi- 
gation. For  the  present  investigation,  that  pressure  was  measured in the 
annular base  region so that it would be  unaffected.  by  the Jet for all but 
the  shortest  spacing  ratio  configuration. 

For  each  configuration shown Fn figures 10, U, and 12, the  average 
difference  between  flight  and  model  data I s  plotted in figure 16. For 
the  af%erburner  off  (figs . 16( a) and 16 (b)), good correlation  was  obtained 
between  the  model  data and fllght tests  for  spaclng  ratios of 0.38, 0.43, 
0.50, and 0.65, the  over-all  average  difference  being  less  than 1-1/2 per- 
cent. For  the  shortest  spacing  ratio,  model  data  Fndicate 4 to 5 percent 
higher  thrust  and  air-flow  ratlos.  For  this  spacing  ratio  the  measured 
base  pressure was 2 percent  less  than  for  the  longer  spacing  ratios, and 
the  decrease  is  belleved  to be due  to  jet  effect. If base pressure  were 
adjusted to conform with  that  measured at the  longer  spacing  ratios,  then 
a 5-percent  change in the thrust and air-flow  ratios  predicted from model 
data  would  result, and good  correlation  would  be  obtained  for  the  shortest 
spacing  ratio  also. 

For the  afterburner-on  data  (fig.  l6(c))  there  appear  to  be more 
serious  discrepancies  between model and flight  results. At the  longest 
spacing  ratio,  model-thrust  ratio  is 6 percent  higher  than  flight-thrust 
ratio, while model  air-flow  ratfo  is 5 percent  lower than flight air- 
flow  ratio,  The  nature of these  dffferences  (opposite in sign) indicates 
the  possibility  of  premature  choking  Fntple flight ejector,  due  possibly 
to  Jet  rotation  which  is  not  present in model  tests. For any ejector 
configuration,  there is a critical  primary  pressure  at  which  the  jet 
expands  to  just  fill  the  ejector  exit. When this occurs, a large drop 
in ejector  thrust  results  accompanied  by a large  increase Fn ejector  air 
flow.  With an appreciable  amoynt  of  jet  rotation,  there  might  be a ten- 
dency  for  this  condition to OCCUT at a slightly  lower  primary  pressure 
ratio  and to produce a larger  decrease Fn thrust and increase in air 
flow. For  the  lowest  afterburner-on  spacing  ratio,  model  tests  predict 
an ejector  thrust  ra-t;io 7-l/2 percent higher  thaa  was  obtained.  For a 
spacing  ratio this short,  it  is  possible that primary  nozzle gemetry 
and  boundary  layer  become  important. In the  flight  installation  there 
w a s  no restriction  at  the primary nozzle exit, which  was  not the case 
in model  tests.  This  difference-might  have  resulted in relatively larger 
primary  jet boundary layers  for  the  full-scale  ejector. 

The  foregoing differences between  flight and wind-tunnel  data for 
the  afterburner-on  configurations  indicate  the  desirability of a system- 
atic  evaluation  of  the  effects  of  primarJr  jet  rotation,  primary  nozzle 
geometry, and primary Jet boundary layer on ejector  characteristics. 

The  optimization of spaclng  ratio  for  peak  net  thrust,  as  discussed 
previously  and shown in figure 15, can produce an appreciable  increase 
in  performance. For design purposes, however, an optimum spacing ratio 
cannot  be  determined  unless an accurate  estimation of secondary  pressure 

t 
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ratio  is  obtained.  For  example,  if a conatant secor&wy pressure  ratio - were  assumed  for  the  configurations  reported  here, no optimum  spacing 
ratio would be  predicted  from  the mOael data.  Furthermore, in order  to 
estimate  secondary  pressure  ratio, both secondary  flow  losses and the 
no Jet flow value  of  base  pressure must be determined.  For  these  reasons 
it  appears  that  model data may be used to  establish a preliminary  ejector 
design,  but  the f h a l  design  should  be  determined by flight tests. 

Primary Pmhe Calibratim 

. 

For many aircraft  performance  tests, the test  program  is so exten- 
sive  that  maintenance of a swinging probe, and the  reduction  of  data 
f rom it, becomes Fmpractical. ALSO, since  several seconds aze  required 
for s w i n g i n g  a probe,  performance  measurements  cazvlot  be  made during 
ragid changes of engine  -rating  conditions. One solution  to  these 
problems is to  use a swinging survey probe M e r  flight  conditions, in 
a manner  comparable  to  the  use of a thrust  stand on the groad, that  is, 
for  calibrating a flxed  tail-pipe probe. 

The results of the fixed tail-pipe  probe  calibrations, f o r  the 
ejectors  reported hereh, are shown in figure 17. Figure l7(a) presents 
true aircraft gross thrust  divided by isentropic thrust computed  from 
pressure  measured by the  fixed  tail-pipe  probe.  Therefore, f o r  any con- 
dition in which true thrust is  desired,  thrust  computed from tail-pipe 
exit  pressure is Ilrultipli& by the  appropriate  value of thrust  coeffi- 
cient  taken f~lm figure 17(a). AIBO plotted in figure lT(a) are the 
values of thrust-coefficient obtained on the ground using a thrust st&. 
These  values  are  the  same a s  those shown in  figure 6 .  In “tion to 
extending  the  thrust-stand  data  to flight d u e s  of prFmary pressure 
ratio, and thus  avoiding the necessity of extrapolating ground  data, the 
flight  data  of  figure  l7(a)  also include ejector  thrust  losses  which 
could  not be obtained f r o m  a ground thrust-stmd calibration.  If only 

’ a thrust-stand  calibration  were used, a curve s i m i b  to  that shorn in 
figure l7( a) would be used to  compute aircraft thrust a&, as can be  seen 
from this  figure,  the  value  of  thrust so computed  could  be in error by 
almost 10 percent.  Figure l7(b) presents similar data f o r  air-flow  coef- 
ficient,  with secondary to primary temperature  ratio included. There- 
fore,  in order  to  obtain the true air flow through  both  engine and 
ejector, primary and secondarytanperature  must  be measured in addition 
to primary pressure. Use of the  curves in figure 1-7 provides no informa- 
tion  concerning the true. value  of  engine gross thrust,  net  thrust,  or 
afr flow,  since  these  curves  Include  ejector  losses and ejector  air  flow. 
However, when the  computation  of ahcraft performance  parameters,  such 
as drag  coefficient,  requires a lmowledge of propulsfve  force,  then  the 
curves  of  figure 17 are applicable,  since  the cmqutation of thrust and 
air  flow by means of  these  curves  leads t o  the  true net prapdsive force 
an the  airframe. 
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. 
The only indication of the  accuracy of the swinging survey  probe a6 

a thrust  measuring  device  is  the data shown in figure 6. Because  the 
correction  value  shown  here  is small, and  because  it  is  constant  over 
the pressure  range  covered,  it  seems logical to  extend  this  value  to 
flight  operating  conditions and, in  the  absence of better infomtion, 
the s w i n g l n g  probe  accuracy in determining gross thrust  with  the  correc- 
tion  value of figure 6 is  assumed  to be 1 to 2 percent. Also, there  is 
no reason why similar accuracies  should  not  be  obtained on other  instal- 
lations. If a swinging probe were used to  obtain  calibration  curves 
such as those  of  figure 17, then on the  basis  of  present  experience 
the  inaccuracy in obtaining  net  aircraft  propulsive  force by means of 
these curves would be  about 4 to 5 percent.  This  accuracy  could  be 
expected  over  most  ranges  of  flight  conditions,  but  further  difficulties 
would be  expected  with  continuously  varying  ejector  configuratiom,  where 
the  curves of figure 1.7 would be  more  difficult to obtain, and where 
inaccuracies in the  measurement of ejector and primary  nozzle  positions 
would  result in greater  inaccuracy  of  thrust  measurements. 

5 

- 
The  results of this  investigation  Indicate  that  there is generally 

good  agreement  between  flight  and  model  tests.  For  those  configurations 
where  there  is  more  than  3-percent  difference  between  flight and mcdel - 
teats,  hypotheses  have  been  advanced  to  explain  the  differences. In 
order  to check the  validity of these -theses, systematic  studies of 
the  effects  of  jet  rotation, primary Jet boundary layer, and primary 
nozzle  geometry on ejector  characteristics are needed. 

Although  flight  and  model  tests  compare  favorably,  the  seneitivity 
of  ejector  performance to secondary  pressure  ratio  requires an accurate 
knowledge of the  latter qmtity for  prediction of the  former.  There- 
fore,  unless  secondary  pressure and base  pressure  can  be  accurately 
estimated, final desi= of aircraft  ejectors  should  be  determined  from 
flight  tests. 

Ames Aeronautical  Laboratory 
National  Advisory  Cannnittee fo r  Aeronautics 

Moffett  Field, C a l i f . ,  Apr. 21, 1958 

. 
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The gross thrust mer a differential element of area dA of the 
tail-pipe or  ejector exit is given by the  equation 

The corresponding 

a,=( PJ V ‘ + P - P , ) U  5 

equation f o r  sir-flow rate i s  

d W  = p.Jvjdll 

~n order to  dete-e tot& gross thrust o r  a1r-f-w rate, equation (1) 
o r  (2) is integrated over the  desired area. For the  tail-pipe exit, 

is absorbed in an experhnentally determined nozzle  coefficient Cp 
- any variation Fn pj,  Vj,  p, o r  pa over the tail-pipe exit area p’p 

P 
4 or Cw giving the following equations : P 

wP = “uppP”p”p 

If €t is assumed that p = pa when the nozzle is unchoked, and 

Y 
I 

p = P 65J7-= 
when the nozzle is 
from equations (3) - 

choked, then the following equations can be obtained 
and (4): 
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J 

and 

FB,p - 
- 

wp = 

Y 

To obtain  ejector  thrust and air now, equations (1) and (2) are 
integrated  over the ejector exit, so nozzle  coefficients such as those 
used for the tail-pipe  exit  are not required. However ,  if only one cross 
section of the ejector exit is surveyed, then a thrust  coefficient should 
be included to adjust f o r  variations between this cross 6ection and other 
cross  sections. Then the equations f o r  ejector gmse thrust and a i r  flow 
resu&ting f r o m  equations (1) and (2) are as follows: 



. 
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where dA is the area of a circular ring of thichess dr and radius r 
from the jet  center  line. 

For ,the present investigation, values of 7 were assumed a6 follows: 

Afterburner off 7 = 1.35 
Afterburner on 7 = 1.30 

. 
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wing 
Total w h g  area (including projected fuselage area), sq ft . 232.8 
span , f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  32.6 
Aspect r a t i o .  . . . . . . . . . . . . . . . . . . . . . . .  6.1 
Mean aerodynamic  chord, in. . . . . . . . . . . . . . . . .  80.6 
"-edge sweepback . . . . . . . . . . . . . . . . . . .  go" 

Length, f t .  . . . . . . . . . . . . . . . . . . . . . . . .  44.72 
Depth (maxFmrrm) , in. . . . . . . . . . . . . . . . . . . .  56 
Width (maximm), In. . . . . . . . . . . . . . . . . . . .  56 

Fuselage 

Tail-pipe exit area 
Afterburner off , sq f% . . . . . . . . . . . . . . . . . . .  2.73 
Afterburner on, s q f t  . . . . . . . . . . . . . . . . . . .  3.81 

E jec to r  area, sq ft . . . . . . . .  '. . . . . . . . . . . . .  4.77 
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Figure 2.- Two-view drawLag of t e s t  airplane. 
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(a) ~ a e l c  shroud; afterburner on. (c) Modified shroud; afierburner on. 
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Figure 4. - Af%ersection of the test al rp lane.  
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Figure 5.- Tail-pipe exit and test instrumentation. 
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Figure 6.- Variation of the thrust coefficients with primary pressure 
ratio. 



Left side Radlus, r ,  f t  Right side 

(a) Afterburner off; &Lameter ratio u 1.32; spacing ratlo - 0.43. 
Figure 7.- Qp lca l  pressure  and temperature surveys  at the ejector-.kii-b;+"br0.75. 
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Mgure 7,- Concluded. 
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figure 8. - Typical. thruet esd air-flow profiles at the ejector d t ;  M = 0.73. 
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Figure 9.- Variation of the primary pressure ratio with flight Mach 
number. 
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Primary pressure ratio,  pp/pa 

(a) Diameter ratio = 1.32; spacing ratio = 0.27. 

Figure 10.- Ejector  characteristics from flight t e s t s  and comparison 
with model.tests; afterburner o f f ,  gap sealed. 
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(b) Diameter  ratio = 1.32; spacing ratio = 0.38. 

Figure 10. - Cmtaued. 



30 - NACA RM A58D21 

.- 0 
c 

1 . 1  

I .o 

.9 

a 

I .4 I .6 I .8 2.0 2.2 2.4 
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(c) Diameter  ratio = 1.32; spacing ratio E 0.43. 

Figure 10.- Continued. 
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(a) Diameter r a t i o  = 1.32; spacing ratio = 0.50- 

Figure 10.- Continued. 
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(e) Diameter ratio.= 1.32; spacing ratio = 0.65. 

Figure 1U.- Conclu&ed. 
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Primary pressure  ratio,  Pp/Pa 

(a) Diameter ra t io  = 1.32; spachg rat io  = 0.27. 

..- Ejector  characteristics from flight tests and comparison 
with modeltests;  afterburner off,  gap unsealed. 
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Primary  pressure  ratio,  Pp/Pa 

(b) Diameter  ratio = 1.32; spacing  ratio = 0.38. 

Figure I".- Continued. 
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(c) Diameter ratio = 1.32; spacing r a t i o  = 0.43. 

Fiaure 11.- Continued. 
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(a) Diameter ratio = 1.32; spacing ratio = 0.50. 

Figure 11. - Continued. 
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(e) Diameter r a t i o  = 1.32; spacing ratio = 0.65. 

Figure U.- Concluded. 
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(a) Diameter ratio = 1.U; spacing  ratio = 0.40. 

Figure 12.- Ejector characterkstics frm flight t e s t s  and comparison 
w i t h  model tests; afterburner on, gap sealed. 
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(b) Dlmeter ratio = 1.12; spacing ratio =t 0.49. 

Figure 12.- Continued. 



- N M A  RM A58D21 

.. 
.- 0 
t z 

n 
L" 

I .  I 

I .o 

.9 

.2 

. I  

I I I I I I I I I  
1 . 1  

I .o 

.9 - 
I .6 1.0 2 .o 2.2 2.4 

Primary pressure ratio, pP/pa 

(c) Diameter  ratio = 1.12; spacing ratio = 0.54. 

Fj" 12. - COnt hued. 
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Primary pressure ratio, Pp/pa 

Diameter r a t i o  = 1.E; spacing ratio = 0.60. 

Figure 12.- Continued. 
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(e) Diameter ratio = 1.12; spacing ratio = 0.72. 

Figure 12.- Concluded. 
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Figure 13.- Effect of spacing rat io  on the gross-thrust ratio. - 
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Figure 14.- Effect of spacing  ratio on the ejector pumping characteristics. . 
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(a) afterburner off; gap sealed. 
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(b) Afterburner off; gap Uaseald. 
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(c) Afterburner on; gap sealed.. 

Figure 17.- Effect of spacing ratio on the net propulsive ch&racteristics. - 
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Figure 6.- Difference between flight and model data, 
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(a) !tkut coefficient. 

Figure 17.- Over-all nozzle thrust and air-flow  coefficients; afterburner off, gap seded .  
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